We present an atlas of 88 z ∼ 5.7 and 30 z ∼ 6.5 Lyα emitters obtained from a wide-field narrowband survey. We combined deep narrowband imaging in 120Å bandpass filters centered at 8150Å and 9140Å with deep BV RIz broadband imaging to select high-redshift galaxy candidates over an area of 4180 arcmin 2 . The goal was to obtain a uniform selection of comparable depth over the 7 targeted fields in the two filters. For the GOODS-N region of the HDF-N field, we also selected candidates using a 120Å filter centered at 9210Å. We made spectroscopic observations with Keck DEIMOS of nearly all the candidates to obtain the final sample of Lyα emitters. At the 3.3Å resolution of the DEIMOS observations the asymmetric profile for Lyα emission can be clearly seen in the spectra of nearly all the galaxies. We show that the spectral profiles are surprisingly similar for many of the galaxies and that the composite spectral profiles are nearly identical at z = 5.7 and z = 6.5. We analyze the distributions of line widths and Lyα equivalent widths and find that the lines are marginally narrower at the higher redshift, with median values of 0.77Å at z = 6.5 and 0.92Å at z = 5.7. The line widths have a dependence on the Lyα luminosity of the form ∼ L 0.3 α . We compare the surface densities and the luminosity functions at the two redshifts and find that there is a multiplicative factor of 2 decrease in the number density of bright Lyα emitters from z = 5.7 to z = 6.5, while the characteristic luminosity is unchanged.
1. INTRODUCTION Ever since the first discovery of Lyα emitters above redshift z ∼ 6 (Hu et al. 2002) , the goal has been to identify substantial samples of high-redshift Lyα emitters in order to study such diverse topics as the formation of galaxies in the early universe, early structure formation, reionization, and the interactions of galaxies with the intergalactic medium (IGM). The advent of deep, widefield, narrowband surveys (e.g., Hu et al. 2004; hereafter, H04; Wang et al. 2005; Kashikawa et al. 2006; has recently made it possible to obtain substantial numbers of galaxies at z ∼ 5.7 and z ∼ 6.5, where gaps in the night sky emission permit deep studies, for addressing these topics. However, the straightforward interpretation of these survey results has been plagued by statistical and cosmic variance from field to field (e.g., Hu & Cowie 2006) and by the absence of extensive spectroscopic follow-up of the primarily photometrically selected samples. As we shall show in the present work, photometric samples can have a substan-tial degree of contamination, and spectroscopy is necessary to remove these interlopers. With high-resolution spectroscopic follow-ups of the candidates, it is possible both to confirm that the emission is due to redshifted Lyα and to estimate the statistics of interlopers.
Here we present the results of a wide-field, narrowband survey with highly complete spectroscopic followup. We used the 34 ′ × 27 ′ field-of-view SuprimeCam mosaic CCD camera (Miyazaki et al. 2002) on the Subaru 8.2 m telescope to observe seven different target fields to search for Lyα emitters at z ∼ 5.7 (NB816) and z ∼ 6.5 (NB912, NB921). In Section 2 we summarize the narrowband and continuum imaging together with the candidate selection. The data obtained in these narrowbands are comparable in depth, and we have analyzed them with uniform selection and processing criteria. We have spectroscopically observed nearly all the photometrically selected objects with the DEep Imaging MultiObject Spectrograph (DEIMOS; Faber et al. 2003) on the Keck II 10 m telescope, which we also describe in Section 2.
The resulting photometric and spectroscopic samples form a large, consistent data set with which to tackle the cosmological problems. We provide spectra for 88 z ∼ 5.7 and 30 z ∼ 6.5 Lyα emitting galaxies. This forms the largest sample of confirmed high-redshift galaxies in the very distant universe. We give the catalogs, thumbnail images, and spectra in the Appendix.
In Section 3 we discuss the relative properties of the samples at z = 5.7 and z = 6.5. The emission-line properties provided by the spectra are key diagnostics of the intergalactic gas properties at these redshifts. They may be used to probe the neutral fraction of the surrounding intergalactic medium (IGM; e.g., Gnedin & Prada 2004; Zheng et al. 2010 ) and thus to study the ionization state of the IGM and its redshift evolution at early times. Theoretical models make predictions of the impact of the neutral portion of the IGM on the line profile of Lyα emission and also upon the redshift evolution of the Lyα luminosity function (e.g., Barkana & Loeb 2001; Mesinger & Furlanetto 2004; Dijkstra et al. 2007; Dijkstra & Wyithe 2010) . In Section 3 we analyze the line width distributions at z = 5.7 and z = 6.5, showing that there are only small changes in the properties of the lines over this range and that the line properties are remarkably similar for most of the objects. We find that there is a dependence of line width on Lyα luminosity, with the more luminous objects being broader. We show that the luminosity function (LF) drops by a factor of two at z = 6.5 relative to that at z = 5.7, and the z = 5.7 value is a factor of four lower than that at z = 3.1. However, the characteristic luminosity is unchanged. The results are for the observed luminosities, and the fall-off will be less for the intrinsic LFs when the effects of intergalactic scattering are allowed for.
In a subsequent paper we will combine the optical data with longer wavelength observations from the Hubble Space Telescope (HST) and discuss the UV continuum properties of the high-redshift sample and the Lyα escape fraction.
We assume Ω M = 0.3, Ω Λ = 0.7, and H 0 = 70 km s −1 Mpc −1 throughout. All magnitudes are given in the AB magnitude system (Oke et al. 1983 (Oke et al. , 1990 , where an AB magnitude is defined by m AB = −2.5 log f ν − 48.60. Here f ν is the flux of the source in units of erg cm −2 s −1 Hz −1 .
2. NARROWBAND SELECTION 2.1. Observed Fields The present survey covers seven SuprimeCam fields. We summarize these in Table 1 , where we give the name of the field in column 1, the J2000 right ascension and declination of the field centers in columns 2 and 3, the galactic longtitude and latitude in column 4, the galactic extinction to the field in column 5, and the exposure times in hours through the NB816 and NB912 filters in columns 6 and 7. The field geometry is shown in Figure 1 . Six of the fields are grouped into three neighboring and slightly overlapping pairs to allow a study of clustering. The seventh field (SSA17) is isolated. The very central region of the A370 field is lensed by the foreground massive cluster A370 at z = 0.37.
We obtained the narrowband images of each field with SuprimeCam under photometric or near-photometric conditions. We observed each field with a 120Å (FWHM) filter (NB816) centered at a nominal wavelength of 8150Å corresponding to a z ∼ 5.7 selection and a 120Å (FWHM) filter (NB912) centered at a nominal wavelength of 9140Å corresponding to a z ∼ 6.5 selection. Both lie in regions of low sky background between the OH bands. (The nominal specifications for the Subaru filters may be found at www.naoj.org/Observing/Instruments/SCam/sensitivity.html and are described in Ajiki et al. 2003.) We show the location and shape of both filter profiles in Figure 2 (a). We also show the wavelength positions of all the spectroscopically confirmed z ∼ 5.7 Lyα emitters (red squares) and z ∼ 6.5 Lyα emitters (blue diamonds) in all seven fields. The Gaussian shape of the SuprimeCam filter profiles may be compared with the more square profile of the 108Å filter centered at 8185Å that has been used in the Low-Resolution Imaging Spectrograph (LRIS; Oke et al. 1995) parallel beam on Keck I (Hu et al. 1999 ). The complex shape of the SuprimeCam filter profiles requires careful treatments of the conversion of narrowband magnitudes to line fluxes and of the determination of the accessible volume (e.g., Gronwall et al. 2007 ). We carry this out in Section 3.
The NB816 filter is well centered on the Cousins Iband filter, which we use as the reference continuum bandpass for the z ∼ 5.7 selection. The NB912 filter is well centered on the z-band, which we use as the reference continuum bandpass for the z ∼ 6.5 selection. For the Great Observatories Origins Deep Survey-North (GOODS-N; Giavalisco et al. 2004 ) region of the Hubble Deep Field-North (HDF-N), we also selected objects using a 120Å filter centered at 9210Å. We show this filter profile (green) in Figure 2 (b), along with the other two filter profiles from Figure 2 (a). We show the wavelength positions of all the spectroscopically confirmed z ∼ 6.5 Lyα emitters found with this filter (green triangles; 3 objects), along with the positions of the spectroscopically confirmed z ∼ 5.7 Lyα emitters found with the NB816 filter in this field (red squares; 5 objects). No z ∼ 6.5 Lyα emitters were found in the GOODS-N with the NB912 filter. Table 1 summarizes the observations made in the primary bands, including giving the total photometric exposure time in hours for each of the filters in each of the fields. We obtained ∼ 4 − 5 hour exposures for the NB816 filter and ∼ 8 − 10 hour exposures for the NB912 filter. The longer exposures in the NB912 filter partially compensate for the lower camera throughput Six of the fields are grouped into pairs with small amounts of overlap, while one is isolated (SSA17). The solid lines outline the observed areas. The red squares show the detected Lyα emitters at z ∼ 5.7, the blue diamonds show those at z ∼ 6.5, and the green downward pointing triangles show sources found using the 9210Å filter (GOODS-N only). Four of the fields were used in the Kakazu et al. (2007) survey of z < 1.6 ultra-strong emission-line galaxies. These objects are denoted by black small triangles.
at this wavelength, so the observations provide comparable depth exposures in the two bands. However, the NB912 images are still slightly shallower than those in the NB816 band. We took the data as a sequence of dithered background-limited exposures with alternate sequences rotated by 90 deg. We always obtained the corresponding continuum exposures in the same observing run as the narrowband exposures to avoid falsely identifying transients-such as high-redshift supernovae or Kuiper belt objects-as Lyα candidates. Capak et al. (2004) gives a detailed description of the full reduction procedure that we used to process the images. We calibrated the SuprimeCam data using photometric and spectrophotometric standard stars (Turnshek et al. 1990; Oke et al. 1990 ) and faint Landolt standard stars (Landolt et al. 1992) . We obtained an astrometric solution using stars from the USNO survey. The final narrowband selected samples were drawn from the more uniformly covered central 25 ′ × 25 ′ region of each of the fields. Allowing for overlaps, the combined area of the 7 fields in the survey is 4168 arcmin 2 . We note that the present calibration of the SSA22 field is about 0.2 mag fainter than that given in H04. This is typical of the errors introduced in the calibrations and in the choice of method for measuring the magnitudes. Thus, we adopt it as an estimate of the systematic error in the absolute measurements. The relative magnitudes are extremely well determined in the field compared to the absolute calibration, so the relative counts and LFs in the NB912 and NB816 bands are insensitive to this issue. However, it does affect the normalization of the LF. The FWHM seeing on the final reduced images ranges from 0.5 ′′ to 1 ′′ . The typical limiting magnitudes of the images (5σ for the corrected 3 ′′ diamteer aperture mags, see Section 2.2) expressed as AB magnitudes are 26.9 (B), 26.8 (V ), 26.6 (R), 25.6 (I), 25.4 (z), 25.3 (NB816), and 25.2 (NB912), though the exact values vary slightly depending on the exposure time and the observing conditions.
Photometric Candidate Selection
We used the SExtractor package (Bertin & Arnouts 1996) to generate catalogs of objects in each of the fields. We measured all of the magnitudes in 3 ′′ diameter apertures and applied average aperture corrections to obtain -(a) The transmission profiles versus rest-frame wavelength for the two primary filters (NB816/8150Å in red and NB912/9140Å in blue). We also show the wavelength positions of all the spectroscopically confirmed z ∼ 5.7 Lyα emitters (red squares) and z ∼ 6.5 Lyα emitters (blue diamonds) in the fields. (b) The transmission profiles from (a) plus the transmission profile of the 9210Å filter (green) used in the GOODS-N region of the HDF-N field. We also show the wavelength positions of all the spectroscopically confirmed z ∼ 6.5 Lyα emitters found with this filter (green triangles; 3 objects), along with the spectroscopically confirmed z ∼ 5.7 Lyα emitters found with the NB816 filter (red squares; 5 objects) in this field. No z ∼ 6.5 Lyα emitters were found in the GOODS-N with the NB912 filter.
total magnitudes. The typical correction is just under 0.2 mags. (Hereafter, we refer to these as corrected 3 ′′ diameter aperture magnitudes.) Throughout the paper a negative sign in front of a magnitude means that the flux in the aperture was negative. The numerical value of the magnitude then corresponds to the absolute value of the flux. We follow this procedure so that the tables may be used to properly average fluxes including negative values.
In Figure 3 we show our measured number counts in the (a) NB816 and (b) NB912 bands (black squares). We have plotted the 1σ error bars, but they are generally smaller than the symbol size. These counts are averaged over all fields, with the exception of the A370 field, where lensing effects from the massive cluster may be important. In (a) we show a power-law fit to the NB816 counts (black line), which we compare with a power-law fit to the incompleteness corrected NB816 counts of their Figure 11 ) (blue line). The shapes of the counts are in extremely good agreement, but the normalization is slightly higher in our counts. This corresponds to our magnitudes being about 0.2 mag brighter, on average, than those of . This again suggests that 0.2 mag is the level of uncertainty arising from the calibrations and from the magnitude measurements. All of our fields give consistent counts, and all show the same offset. By comparing the actual counts with the power-law fit, we see that our sample is highly complete to magnitudes just above NB816 = 25.5.
We do not have a previous comparison for the NB912 sample, so in Figure 3 (b) we compare with the F850LP selected number counts from the HST ACS observations of the GOODS fields (Giavalisco et al. 2004 ) (red open diamonds). The F850LP filter has a very similar color response to the z filter, which we use as the continuum for the NB912 filter. Thus, it should provide a good approximation to the NB912 counts. Indeed, the HST counts agree closely with the NB912 counts. We used these much deeper counts to determine the form of the power-law fit, and then we renormalized the fit to match the bright-end counts in the NB912 band. We show this fit as the blue line in Figure 3(b) . We see that the NB912 counts become progressively incomplete above NB912 ∼ 25. We use the ratio of this power-law fit to the observed counts to calculate an incompleteness correction as a function of the NB912 magnitude. For the NB816 band we compute the incompleteness correction using the power-law fit to 's incompleteness corrected counts. At NB912 = 25.5 the correction is a multiplicative factor of 2.3, while at NB816 = 26.0 the correction is 2.0.
For each field we formed a sample of galaxies with narrowband magnitudes N AB < 25.5 satisfying either the criterion (I − N ) AB > 0.8 in the NB816 band or (z − N ) AB > 0.9 in the NB912 band. Following Kakazu et al. (2007) , we refer to these objects as ultra-strong emission-line galaxies or USELs. Our narrowband excess selection criteria are slightly lower than those used by Taniguchi et al. (2005) [(z−NB921)> 1]. These groups wanted to choose more securely genuine emission-line galaxies in their photometric samples, while we seek completeness and rely on the subsequent spectroscopic observations to eliminate false objects where the narrowband excess is not produced by an emission line lying in the filter bandpass.
We visually inspected each USEL candidate to eliminate artifacts, and we also visually searched the images for USELs that might have been missed in the initial catalog because they were blended with neighboring objects. In Figure 4 we show examples of the final USEL selection. In (a) we show (I − N ) AB versus N AB for the NB816 selected objects in the SSA22 new field, and in (c) we show (z − N ) AB versus N AB for the NB912 selected objects in the SSA22 new field. The small symbols show the entire sample of N AB < 25.5 galaxies in the field. The blue horizontal line shows the narrowband color selection. Objects satisfying these criteria are shown with large symbols. As can be seen from the figures, this sample will include a number of objects at the faint end that have scattered into the selection region. Thus, as men- tioned above, with this approach we rely on the subsequent spectroscopic observations to eliminate any spurious objects. For the NB816 selected sample in the SSA22 new field we find 101 objects with (I−N ) AB > 0.8 over the 25 ′ × 25 ′ field, which is about 0.3% of the 36816 objects included in the initial N AB < 25.5 sample. For the NB912 selected sample in this field we find 183 USEL candidates, which is about 0.5% of the 38120 objects. We show the number density of USEL candidates versus narrowband magnitude for three of the individual fields in Figure 3 . All the fields have similar number densities of USEL candidates, which rise rapidly to fainter magnitudes.
We next eliminated USELs whose continuum colors rule them out as candidate z ∼ 5.7 or z ∼ 6.5 galaxies. For z = 5.7 we restricted either to objects with (R − z) AB > 1.5 or to objects which were not detected at the 2σ level in the R-band. We also required that the objects not be detected above the 2σ level in the Band V -bands. For z ∼ 6.5 we restricted either to objects with (I − z) AB > 1.5 or to objects which were not detected at the 2σ level in the I-band. We also required that the objects not be detected above the 2σ level in the B-, V -and R-bands. The results from these restrictions on the USEL sample are shown in Figures 4(b) and (d) with the large symbols. We call these objects z = 5.7 Fig. 4 .-Emission-line excess objects found using (a) the NB816 filter in the SSA22 new field and (c) the NB912 filter in the SSA22 new field vs. N AB magnitude. The small symbols show the entire sample of N AB < 25.5 galaxies in the field. The blue horizontal line shows the narrowband excess selection of (a) (I − N ) AB > 0.8 for NB816 and (c) (z − N ) AB > 0.9 for NB912. Objects satisfying these criteria are shown with large symbols: green diamonds-spectroscopically classified low-redshift emitters (z < 1.6); green stars-spectroscopically classified stars; red squares-spectroscopically confirmed z ∼ 5.7 emitters or z ∼ 6.5 emitters; blue circles-spectroscopically observed but unidentified objects; black squares-objects with no spectroscopic measurements. (b) and (d) are similar to (a) and (c) but the large symbols are restricted to either objects with a strong break between the R-and z-bands (I-and z-bands) for NB816 (NB912) or objects which are undetected at the 2σ level in the R-band (I-band) for NB816 (NB912) and which are not detected in the B-or V -(or R-) bands.
[Because of space constraints only points satisfying the narrowband excess selection are shown in this version of the paper] and z = 6.5 candidate Lyα emitters, and we made an effort to obtain spectra of all of them. Typically, there are ∼ 20 candidates in each field at z ∼ 5.7 and ∼ 10 at z ∼ 6.5. In four of the fields (A370 new, HDF-N, SSA22, and SSA22 new; see Figure 1 ) we obtained spectra of all of the USELs with N AB < 24 and many of the USELs with N AB = 24 − 25, regardless of their colors. These results are described in Kakazu et al. (2007) and Hu et al. (2009) .
As can be seen from Figures 4(b) and 4(d), the number of candidates is not particularly sensitive to the choice of narrowband excess. If we had used the cut of 1.2 in Figure 4 (b), then it would have eliminated 6 of the 17 candidate z = 5.7 galaxies. Five of the eliminated candidates have been spectroscopically observed: two are spurious, one is a low-redshift emitter, and two are genuine z = 5.7 emitters. Thus, using the higher cut slightly improves the accuracy of the selection but at the expense of losing some z = 5.7 emitters. If we had used the Taniguchi et al. (2005) 
Spectroscopic Confirmation
Spectroscopic followup of the candidates is essential to rule out contaminants in the photometric selection. These can include lower redshift emission line galaxies, red galaxies or stars, transients and artifacts in the data. The spectroscy also provides precise redshifts which allow us to make an accurate determination of the line fluxes as well as providing us with the shapes and widths of the Lyα lines.
We used the DEIMOS spectrograph on the Keck II 10 m telescope for our spectroscopic follow-up of the candidate z ∼ 5.7 and z ∼ 6.5 Lyα emitters. For most of the observations we used the G830 ℓ/mm grating blazed at 8640Å with 1 ′′ wide slitlets because of its high resolution and excellent red sensitivity. In a small number of cases we used the slightly lower resolution G600 ℓ/mm grating. We made the observations during a number of runs in the 2005 − 2010 period. Just over 90% of the candidates were observed in each of the bands. We apply a spectroscopic incompleteness correction to allow for the missing fraction in the analysis of the LFs in Section 3. Exposure times ranged from one to six hours for each object.
We filled the DEIMOS masks with color-selected and magnitude-selected samples, which will be described elsewhere. All of the spectra (emission-line objects and field objects) were spectroscopically classified without reference to either their narrowband strengths or their color properties to avoid any subjective biasing of the line interpretation. We classified each candidate object as either a confirmed high-redshift emitter, a low-redshift emitter, a red star, or a false emission-line object (i.e., when the observed narrowband excess does not appear to correspond to an emission line). For each high-redshift emitter the redshift is measured at the peak of the emission line. Slightly more than half of the z = 5.7 candidate Lyα emitters were spectroscopically confirmed. The fraction of confirmation for the z = 6.5 candidate Lyα emitters is higher, but there is still a substantial degree of contamination.
GOODS-N
We summarize the results for objects in the GOODS-N in Tables 2 (NB816) and 3 (NB921). The GOODS-N comprises about a quarter of the HDF-N field and has the advantage of having extremely deep broadband images from the HST ACS imaging (Giavalisco et al. 2004 ). In addition, Ajiki et al. (2006) carried out an independent analysis using the NB816 data obtained in the present program in combination with the ACS data to identify candidate z = 5.7 Lyα emitters in the field. Since the Ajiki et al. analysis is based on their reductions of the SuprimeCam images and uses different calibrations and magnitude measurements, it provides an excellent check on the present work.
We identified 12 candidate z = 5.7 Lyα emitters in the NB816 band in the GOODS-N. We summarize their properties in Table 2 , where we give the object number in column 1, the R.A.(J2000) and Decl.(J2000) in decimal degrees in columns 2 and 3, the NB816 magnitude in column 4, the I−NB816 color in column 5, the SExtractor auto magnitudes for the four ACS bandpasses taken from the ACS catalogs in columns 6-9, and the measured redshift in column 10. While the selection of the present candidates was made solely using the ground-based observations, all of the objects are contained in the ACS catalogs, and all have colors in the ACS observations that are consistent with their being z ∼ 5.7 galaxies.
All of the objects were spectroscopically observed with exposures ranging from 1 to 6 hours. Where an object was spectroscopically confirmed as a z ∼ 5.7 emitter, we give the redshift of the source in Table 2 . Of the 12 candidates, we identified 6 as Lyα emitters. Some of the remaining cases may be genuine emitters that we have failed to identify with the spectra. However, for many of the unidentified objects, we have obtained multiple repeated spectra and have failed to find an emission line. One object appears to be a portion of a larger galaxy, where the photometry may be contaminated. Some of the remaining objects could be red stars or objects at high redshift whose continuum break is just below the narrowband filter, simulating an emission-line object. Other cases may simply be spurious detections. This is representative of the fields in general. Ajiki et al. (2006) used a more restricted area of the GOODS-N and found 10 candidate z ∼ 5.7 Lyα emitters. Eight of these overlap with the present sample. Their narrowband magnitudes show an average of −0.1 mag offsets and a spread of up to 0.3 mag relative to the present values, probably reflecting the different apertures used. We spectroscopically observed one of the two objects from the Ajiki et al. sample that did not overlap with ours, but we did not confirm it as a z = 5.7 Lyα emitter. All of the confirmed z = 5.7 Lyα emitters in the area used by Ajiki et al. are common to the two samples. In both samples we have confirmed spectroscopically half of the candidate emitters.
We did not find any candidate z ∼ 6.5 Lyα emitters in the NB912 band in the GOODS-N. However, a deep 12.7 hr exposure that we obtained with a 120Å narrowband filter at 9210Å yielded four candidates. We summarize their properties in Table 3 . We spectroscopically observed three of the four candidates and confirmed all of them as z ∼ 6.5 Lyα emitters. Their redshifts place them at wavelengths where the NB912 filter is becoming insensitive (see Figure 2 ), so they are not picked out in the NB912 observations. One of the objects is extremely luminous (HC123725+621227) and has a very high S/N spectrum (see Figure A6 ). This object is very faint in the continuum, and it is not detected in the GOODS-N ACS catalogs. In contrast to the NB816 sample, where all of the objects are detected in the ACS F850LP filter, only two of the four objects are present in the ACS F850LP catalog. This reflects the fading in the magnitude produced by the continuum break at the Lyα line, which lies near the middle of the F850LP bandpass.
2.5. Atlas of the z = 5.7 and z = 6.5 Lyα Emitters Our final spectroscopically confirmed sample consists of 87 z = 5.7 Lyα emitters found with the NB816 filter, 27 z = 6.5 Lyα emitters found with the NB912 filter, and 3 z = 6.5 Lyα emitters found with the 9210Å filter in the GOODS-N only. We include in these figures the small number of spectroscopically identified, high-redshift Lyα emitters that are slightly fainter than our N AB < 25.5 selection limit but were contained in our spectroscopic observations. We summarize all of the spectroscopically confirmed Lyα emitters in Tables 5, 6 , and 7 in 
the Appendix, where we give the object number in column 1, the object name in column 2, the R.A.(J2000) and Decl.(J2000) in decimal degrees in columns 3 and 4, the narrowband magnitude in the selection filter in column 5, the corresponding continuum magnitude in column 6, the redshift in column 7, the exposure time in hours in column 8, the quality flag (1=secure, 2=clear emission line but redshift may be more questionable, 3=weak emission line) in column 9, the FWHM of the line and its 1σ error inÅ in column 10, and the logarithm of the luminosity in the line in erg s −1 in column 11. (Column 11 is not included for the small sample in Table 7 .) The calculation of the line fluxes and luminosities is described in section 3.3. We show the finding charts for the z ∼ 5.7 Lyα emitters in Figure A1 , for the z ∼ 6.5 Lyα emitters in Figure A3 , and for the 9210Å selected z ∼ 6.5 Lyα emitters in Figure A5 , and we show their corresponding spectra in Figures A2, A4 , and A6.
3. DISCUSSION The escape of Lyα light from high-redshift galaxies is determined by two processes: the escape from the galaxy itself, and the subsequent propagation through the neighboring IGM. Although the scattering process in the IGM is inherently conservative of the Lyα photons, both processes involve the loss of light from the observed emitter.
In the case of the escape from the galaxy, the wellknown random walk process-which causes the photons to diffuse in frequency and finally allows them to leavewill extend the escape path and combine with any extinction in the galaxy to destroy Lyα photons. However, the level of destruction is dependent on the exact escape route, which depends in turn on the structure of the interstellar medium (e.g., Neufeld 1991; Finkelstein et al. 2007) . The shape and width of the final Lyα spectrum will also depend on the escape process, and observations and modeling of low-redshift galaxies (e.g., Kunth et al. 2003; suggest that there will be considerable variation in the output Lyα line.
The subsequent propagation of the Lyα line through the IGM also reduces the strength of the emitter and modifies its shape. The blue side of the Lyα line scatters on the neutral hydrogen in the IGM. These photons will ultimately be rescattered to form an extended halo of Lyα around the object (Loeb & Rybicki 1999) , but in practice these halos are too faint to observe, and the process may simply be viewed as a loss of light from the emitting galaxy. The net effect is to truncate the shorter wavelength light in the line and hence leave a red component, but the exact effect and the fraction of the line which will finally be observed depends on numerous modeling parameters, such as the infall velocity of gas to the galaxy, the density profile, the peculiar velocity of the galaxy, and whether there is enhanced ionization around the galaxy from ionizing photons from the galaxy or its neighbors (Haiman & Cen 2005) . Zheng et al. (2010) have recently presented extensive modeling within the context of a detailed numerical simulation that produces redshifted Lyα lines with sharp blue cut-offs that are very similar to those observed. In addition, they show that there is a wide range of observed Lyα luminosities relative to the intrinsic luminosity. However, Zheng et al. use a very simplified galaxy Lyα profile, and the variation of these profiles may also play an important role in the process (e.g., Dijkstra & Wyithe 2010) . In particular, redder and wider galaxy Lyα profiles will be more likely to produce observable Lyα emission lines after the subsequent IGM propagation. We refer to this as prestretching before the shortening imposed by the IGM.
These processes will determine both the output shape of the line and the distribution of line widths; the latter may provide one of the strongest constraints on the modeling. In Section 3.1 we show that the shapes of the lines are remarkably invariant and that they span a fairly narrow range in width. We might also expect that there would be a progressive reduction in the fraction of galaxies having strong Lyα as we move to higher neutral fractions in the IGM at higher redshifts. We show in Section 3.2 that this is not the case and that the number of Lyα emitters falls more slowly as we move from z = 5.7 to z = 6.5 than the number of UV-continuum selected galaxies does. However, there is some weak evidence that the lines are becoming narrower and have slightly smaller equivalent widths at z = 6.5 than they have at z = 5.7.
Spectral Shapes and the Distribution of Line
Widths The Lyα lines presented in this paper and in previous work are surprisingly uniform in their properties. In Figure 5 (a) we compare the averaged spectra at z = 5.7 and z = 6.5. These were formed by normalizing each "quality one" individual spectrum to make the maximum value of the Lyα line be one and then averaging the spectra. As can be seen, the line profiles at both redshifts are nearly identical. They also have some broad general properties: a fairly sharp cut-off at the short wavelength side, a narrower peak, an elbow (by which we mean the slight plateau at wavelengths redward of the peak and at fluxes of about 0.3-0.5 of the maximum and which is most clearly seen in the wider spectra), and then a trailing long-wavelength edge. They may be compared with Figure 15 of Hu et al. (2004) for the z = 5.7 emitters and Figure 7 of Kashikawa et al. (2006) for the z = 6.5 emitters, though the lower resolution spectra in Kashikawa et al. do not show the blue-side cut-off so clearly.
As noted in Section 2.5, in the Appendix we show figures of all the individual spectra. In each case we overplot the averaged spectrum at the same redshift (red dashed line). The similarity of the individual spectra to the averaged spectrum is remarkable. However, there are some slight differences. For example, when we separate out the wider spectra at the two redshifts using the directly measured FWHM from the individual spectra, we find that the wider spectra have a more developed long-wavelength elbow. This can be seen in Figure 5 (b), where we have made the averaged spectra at the two redshifts only from sources whose line widths are greater than 1.6Å in the rest frame. We hereafter refer to these as wide averaged spectra.
The Lyα lines are poorly fit by a Gaussian because of the fairly sharp cut-off at the short-wavelength side. Thus, in order to provide a simple fit to the spectra, we used a demi-Gaussian consisting only of the longwavelength side of the Gaussian together with a constant long-wavelength continuum, as shown in Figure 6 (green curve). This parameterization was introduced in H04. For each spectrum we convolved the demi-Gaussian with the instrument profile (blue dotted curve) and fitted the result to the observations using the IDL MPFIT programs of Markwardt (2009) . We show this for (a) the full averaged spectrum at z = 5.7; (b) the full averaged spectrum at z = 6.5; (c) the wide averaged spectrum at z = 5.7; (d) the wide averaged spectrum at z = 6.5. We find that this simple model has sufficient freedom with its four free parameters (the normalization, the cut-off wavelength, the line width, and the red continuum level) to provide a good fit to all the spectra. (This is in agreement with H04's conclusion for their z = 5.7 line profile but not with Kashikawa et al. 2006 , who found that they could not reproduce the red side of their z = 6.5 line profile with this type of model.) In particular, the shape of the wider spectra are simply reproduced by an increase in the width of the Gaussian, and the short-wavelength drop in the observed lines is fully consistent with the abrupt cut-off in the model. We define the rest-frame FWHM of the lines as the half-width half-maximum (HWHM) of the Gaussian prior to truncation. We give the HWHM in the tables in the Appendix, together with the 1σ errors, for all the individual spectra.
For the average of all the spectra, the FWHM (as defined in the previous paragraph) is 0.98 ± 0.04Å at z = 5.7 and 0.81 ± 0.08Å at z = 6.5. The corresponding rest-frame equivalent widths, which we define as the area of the line divided by the red continuum level, are 34±2Å at z = 5.7 and 24±3Å at z = 6.5. This suggests that the equivalent widths have dropped slightly between the two redshifts. However, the error is primarily in the determination of the red continuum, and the difficulty of accurately measuring this quantity and the possibility of systematic errors should be kept in mind in assessing this result.
The line widths are robustly measured and can be obtained for each of the individual spectra. However, the long-wavelength continuua are often too weak to be measured in the individual spectra, so we do not attempt to measure equivalent widths in the individual spectra. We compare the distribution of line widths in the two samples in Figure 7 , where the red histogram shows the z = 5.7 sample and the blue histogram shows the z = 6.5 sample. There is just over a factor of two spread in the widths, which suggests that the spread in galaxy properties combines with the transfer effects to produce a fairly uniform output line with a velocity width in the range 150−360 km s −1 . As with the averaged spectra, the lines are narrower at the higher redshift with a median value of 0.77Å at z = 6.5 and 0.92Å at z = 5.7. However, the difference is only marginally significant. A MannWhitney rank sum test rejects the two samples as being drawn from the same population at the 5% confidence level.
Part of the spread in the line widths appears to be caused by a dependence of the FWHM on the Lyα luminosity, L α . In Figure 8 we show the dependence of the deconvolved FWHM measured with the fitting procedure on L α . Both the z = 5.7 and the z = 6.5 samples appear to show an increase of the width with luminosity. This is in contrast to Kashikawa et al. 2006 , who suggested a slight increase with decreasing luminosity in their z = 6.5 sample; see their Figure 11 . The difference may arise from the higher resolution of the present observations and the wider range in L α . Ouchi et al. (2010) , using Keck DEIMOS spectra, reverse the Kashikawa et al. 2006 result and find evidence at the 2.5 sigma level for Fig. 5.-(a) Comparison of the averaged spectra made from all the "quality one" spectra in the NB816 (z = 5.7; red line) and NB912 (z = 6.5; blue line) samples. These were formed by normalizing each individual spectrum's Lyα peak to one and then averaging the normalized spectra. In each case we show the level of the continuum measured redward of the Lyα line with the dashed line of the same color. (b) Comparison of the averaged spectra made from only the FWHM> 1.6Å objects in the two samples. These wider spectra have a more developed red elbow. Fig. 6 .-Adopted fitting procedure. For each spectrum we fitted a demi-Gaussian consisting of the long-wavelength side of a Gaussian profile convolved through the instrument response. The free parameters are the normalization, the wavelength position, the width of the Gaussian, and the normalization of the long-wavelength continuum. We used the MPFIT programs of Markwardt (2009) to make the fit. We show the fits to the averaged spectra: (a) all z = 5.7, (b) all z = 6.5, (c) wide z = 5.7, and (d) wide z = 6.5. In each panel we show in the upper part the input-truncated Gaussian (green curve) and in the lower part the fit (black dashed curve) to the observed spectrum (red curve). The blue dotted line in the lower part shows the instrument response. We use the HWHM of the Gaussian (i.e., the FWHM of the demi-Gaussian) to characterize the width of the lines. The widths for the averaged spectra are (a) 0.94Å, (b) 0.82Å, (c) 1.26Å, and (d) 0.90Å. a rise in the FWHM with luminosity. The effect is highly significant in our z = 5.7 sample: a Mann-Whitney rank sum test shows that there is only a 0.005 probability that the population with log L α < 42.9 is drawn from the same distribution of FWHM as those at brighter luminosities. The Spearman correlation coefficient is 0.42 at a 3σ significance for the z = 5.7 sample and 0.58 at a 2.3σ significance for the z = 6.5 sample.
In each case we have fitted a power law of the form FWHM = A L a α to the data. For z = 5.7 we find a = 0.24 ± 0.07, and for z = 6.5 we find a = 0.31 ± 0.11. These fits are shown by the red line (z = 5.7) and the blue line (z = 6.5) in Figure 8 . There are many effects which could contribute to there being a relation between the observed line luminosity and the line width. Possibly the simplest interpretation is that the higher luminosity galaxies are more massive and the emerging Lα line is wider. However, detailed modeling, including all of the line transfer effects, is necessary to fully interpret this result.
Number Counts
The average number of objects detected per SuprimeCam field is 12.4 at z = 5.7 and 3.9 at z = 6.5. The observed ranges of 6 − 18 per field at z = 5.7 and 1 − 7 per field at z = 6.5 are fully consistent with the spread expected from the small number statistics. We do not require any additional effects from cosmic variance to understand this, though such effects may be expected to be present.
The similarities of the depths of the fields and of the shapes and rest-frame widths of the two filters allow us to make a simple estimate of the decrease in the number of Lyα emitters with increasing redshift directly from the number counts. The number counts in the two redshift ranges are shown versus narrowband magnitude in Figure 9(a) . We denote the z = 5.7 counts by red squares and the z = 6.5 counts by blue diamonds. As would be expected from the initial selection, the counts rise smoothly to near N AB = 25.0 − 25.5 and then drop rapidly at fainter magnitudes. In this discussion and in the derivation of the LF in the next subsection, we shall restrict to a sample with N AB < 25.25 where we believe the samples in both bands are substantially complete both in the initial selection and in the spectroscopic followup.
To compare the number counts, we corrected the NB816 magnitudes to equivalent NB912 magnitudes by adding the difference in magnitude corresponding to the relative luminosity distance. In Figure 9 (b) we compare the z = 5.7 counts (for the equivalent NB912 magnitudes), corrected for the initial photometric catalog incompleteness, with the z = 6.5 counts, corrected in the same way. (The photometric catalog incompleteness at these magnitudes is small; see Figure 3 .) The ratio of the numbers of galaxies above the (equivalent) NB912 magnitude of 25.25 at z = 6.5 and at z = 5.7 is 0.47 ± 0.13. The error is ±1σ. The shapes are fully consistent, and a single multiplicative renormalization alone is sufficient to match the two sets of counts.
Luminosity Functions
In order to compute the Lyα luminosities of the individual galaxies and the cosmological volumes sampled by the survey, we must allow for the shapes of the narrowband selection filters. This is made more complex by the presence of the continuum, which slightly pulls the selection to the short-wavelength side of the filter, as can be seen in Figure 2 and also in Figure 13 of H04 and in Figure 3 of Kashikawa et al. (2006) . The continuum is extremely faint and often undetected in the spectra and even in the continuum images, so this effect is not easy to model exactly, but it is necessary to include it to make Fig. 9. -(a) Observed number counts vs. narrowband magnitude [red squares-NB816 (z = 5.7) selected galaxies; blue diamonds-NB912 (z = 6.5) selected galaxies]. In both cases the error bars are ±1σ based on the number of objects in each bin. (b) Comparison of the counts in the NB816 sample (the magnitudes were adjusted to equivalent NB912 magnitudes by correcting for the relative luminosity distance), corrected for incompleteness in the photometric catalog, with the counts in the NB912 sample, also corrected for incompleteness. Between 23 and 25.25, where both sets of counts are near complete, the NB816 number counts need to be multiplied by a factor of 0.47±0.13 to match the NB912 counts.
a correct conversion from the narrowband magnitude to a line flux.
To convert the narrowband magnitude to a line flux, we convolve the observed spectrum through the narrowband filter. However, outside the line itself, defined as the portion of the spectrum between rest-frame wavelengths 1214.5 and 1218.5Å, we use a model continuum. At redder wavelengths we use a continuum with a flux of 0.025 times the peak in the line seen in the individual spectra (see Figure 5) . The adopted ratio is based on that measured in the averaged spectrum. At bluer wavelengths we assume that the continuum is zero. We use the narrowband magnitude to flux calibrate the spectrum and hence to determine the line flux.
We illustrate the procedure in Figure 10 , where we show the NB816 filter response (black curve), the adopted spectrum (red curve), and the actual spectrum (green curve) in the wavelength range where we use the model continuum instead. In Figure 10 (a) we show an emitter that is well centered on the filter. For this object nearly 90% of the contribution to the narrowband magnitude comes from the emission line, and the conversion to an emission-line flux should be robust. In Figure 10 (b) we show an emitter lying at the short-wavelength end of the filter. For this object almost 60% of the contribution to the narrowband magnitude comes from the continuum. In order to avoid the uncertainty associated with the flux conversion in objects like this, we restrict our subsequent analysis to galaxies with Lyα wavelengths where the filter transmission is above 25% of the peak value. This eliminates objects where the narrowband flux is continuum dominated. In column 11 of Tables 5,  6 , and 7 in the Appendix we list the derived Lyα luminosities for each object.
We show the distribution of Lyα luminosities for the samples at z = 5.7 (red squares) and z = 6.5 (blue diamonds) in Figure 11 . We only show objects with N AB < 25.25 that have a filter transmission above 25% of the peak. We compare with spectroscopic samples at z = 3.1, 3.7, and 5.7 from Ouchi et al. (2004) ′′ diameter aperture magnitudes.) The correction to total magnitudes would then raise their luminosities by factors of 1.3 − 1.4, which could account for a substantial part of the difference. They also assume a rectangular shape for the narrowband filter in computing the luminosities (Taniguchi et al. 2005 's Equations 6 and 7), which could also result in differences.
The peak luminosities seen in our present samples at z = 5.7 and z = 6.5 are slightly more than a factor of two less than those seen near z = 3. This can be fully understood in terms of the intergalactic absorption correction, and it appears that the intrinsic luminosities of the brightest emitters are hardly changing from z = 6.5 to z = 3.1. However, this simple analysis is dependent on the number of objects in each redshift sample, and the evolution is best treated by looking at the LFs, which we now do.
In order to compute the LFs, we must determine the accessible comoving volume as a function of luminosity. Here again the shape of the filter transmission makes the calculation more complicated. For a rectangular filter the volume is fixed above the detection threshold. However, for more complex filter shapes, the wavelength range is a function of the luminosity and the selection magnitude. For a given limiting magnitude, more luminous objects will be seen over a wider range of redshifts, since they can still be detected at lower filter transmissions. Fig. 10. -Illustration of the flux computation for two of the z = 5.7 Lyα emitters. The curves show the NB816 filter response (black); the adopted spectrum in the observed frame (red), which corresponds to a constant value of 0.025 of the peak in the spectrum for the red continuum, zero for the blue continuum, and the actual spectrum between the rest-frame wavelengths of 1214.5 to 1218.5Å; and the actual spectrum outside this range (green). (a) A Lyα emitter that is well centered on the filter. Nearly 90% of the contribution to the narrowband magnitude comes from the emission line. (b) A Lyα emitter lying at the short-wavelength end of the filter. Almost 60% of the contribution to the narrowband magnitude comes from the continuum.
In order to compute the observable comoving volume as a function of luminosity and limiting narrowband magnitude, we used the averaged spectral profiles of the emitters at z = 5.7 and z = 6.5 ( Figure 5) . We normalized the appropriate spectrum for the filter (i.e., the z = 5.7 spectrum for the NB816 filter and the z = 6.5 spectrum for the NB912 filter) to correspond to a given line luminosity and then stepped this through the filter, calculating the narrowband magnitude at each redshift. This allowed us to determine the redshift range over which a line of this luminosity would produce a narrowband magnitude above the narrowband magnitude limit. We show the observed volumes at z = 6.5 (blue curves) and at z = 5.7 at z = 5.7 and below ∼ 6.7 × 10 42 erg s −1 at z = 6.5. We first computed the cumulative LF, which is simply the sum of the inverse observable volumes above a given Lyα luminosity. In order to avoid lensing effects, we excluded the central 10 ′ region in the A370 field and corrected the volume accordingly. Only objects with narrowband magnitudes brighter than 25.25 and lying above 25% of the maximum response in the filter are included in Fig. 11. -The observed Lyα luminosity in each of the redshift intervals (red squares-z = 5.7 Lyα emitters; blue diamondsz = 6.5 Lyα emitters). Only objects with narrowband magnitudes less than 25.25 at a wavelength that has a filter response above 0.25 are shown. In order to avoid lensing effects, objects within a 10 ′ radius of the center of A370 are excluded. For comparison, spectroscopically identified objects in (green solid triangles) and in both Taniguchi et al. (2005) and Kashikawa et al. (2006) (green open downward pointing triangles) are also shown. The dashed (solid) horizontal line shows the maximum luminosity object of ∼ 4.5 × 10 43 erg s −1 (∼ 2.0 × 10 43 erg s −1 ) observed at z ∼ 3 (z ∼ 6.5). Fig. 12. -The observable comoving volume as a function of Lyα luminosity (blue curves-z = 6.5; red curves-z = 5.7). The solid (dashed) curves are for a limiting narrowband magnitude of 25.5 (25.25) . We restrict to wavelengths where the filter transmission is above 25% of the peak value.
the sample, and the observable volumes were computed to correspond to this selection. We show the results in Figure 13 . For the z = 6.5 sample we show both the cumulative LF prior to any incompleteness correction (blue open diamonds) and that with the spectroscopic and photometric incompleteness correction included (blue solid diamonds). The correction is small with this magnitude selection. For the z = 5.7 sample, where the correction is even smaller, we show only the incompleteness corrected LF (red solid squares).
The red and blue solid curves show the maximum likelihood fits to the two data samples for a Schechter Fig. 13. -The cumulative Lyα LFs at z = 5.7 (red squares) and z = 6.5 (blue diamonds). The red and blue solid curves show the maximum likelihood fits to a Schechter function with an α = −1.5 slope. The black dash-dotted curve shows the z = 5.7 cumulative LF from and the black dotted curve shows the z = 5.7 cumulative LF of , both based on their photometric samples. The purple dashed (dotted) curve shows the z = 5.7 (z = 6.5) cumulative LF from the spectroscopic sample of Malhotra & Rhoads (2004) . The green solid (dashed) curve shows the z = 6.5 cumulative luminosity function from the spectroscopic (photometric) sample of Kashikawa et al. (2006) while the solid cyan curve shows that of Ouchi et al. (2010) which is also primarily photometric. 0.7 ± 0. , and the range is the 68% confidence limit. Over the fitted range the z = 6.5 counts are 0.56 ± 0.17 of the z = 5.7 counts for the α = −1.5 case and the characteristic luminosity is unchanged consistent with our previous discussion of the number counts. We summarize the fitted parameter for varying values of α in table 4.
In Figure 13 we also compare the present data with measurements from the literature. In all cases we show the maximum likelihood fits for a Schechter function with slope α = −1.5. Our z = 5.7 LF agrees quite well with the Malhotra & Rhoads (2004) LF based on their spectroscopic sample (purple dashed curve), but it is about a factor of slightly more than two lower than either the (black dash-dotted curve) or the (black dotted curve) LFs, which are based on their photometric samples. Our z = 6.5 LF is only slightly above the Kashikawa et al. (2006) LF based on their spectroscopic sample (green solid curve). It is similar to the Malhotra & Rhoads (2004) spectroscopically based sample (purple dotted curve) at low luminosities, though the present sample clearly has more objects at high luminosities than this fit would predict. It is about a factor of two lower than the Kashikawa et al. (2006) photometrically based sample (green dashed curve) or the very similar Ouchi et al. (2010) LF (cyan curve) at low luminosities, but it is higher at the bright end.
The largest differences appear to be with the photometrically based LFs of and Kashikawa et al. (2006) and Ouchi et al. (2010) . The presently derived LFs are typically about a factor of two lower. This is not a consequence of the magnitude calibrations, since, as we have discussed previously, both the Ouchi et al. and the Kashikawa et al. magnitude measurements are fainter than the present photometry, and this would have the opposite effect (i.e., it would raise our LFs relative to theirs rather than reduce them).
The real reason for the reduction in our LFs relative to theirs seems to come from our having excluded the spectroscopically unconfirmed objects. observed 29 of their photometrically selected galaxies and identified 17 as Lyα emitters. However, they estimated the contamination based on only the objects brighter than a narrowband magnitude of 24.5, where three-quarters of the objects were identified, and concluded that the maximum contamination was 25%. Since this was small, they did not apply a correction. However, the numbers on which this calculation are based are small, and the probability of incorrect selections may be expected to increase as we move to fainter magnitudes. Thus, the bright selection is likely to be inappropriate for the full sample.
In the present work we could not spectroscopically confirm approximately half of our photometrically selected objects in our 25.5 magnitude limited sample. Thus, the factor of two difference between our z = 5.7 LF and the z = 5.7 LF may be entirely due to this. It is possible that some of the photometrically selected objects that are unconfirmed in the spectroscopy are genuine Lyα emitters where the spectroscopy was problematic. However, for many, even with multiple observations we were unable to confirm spectroscopically the objects as emitters. We therefore think the present spectroscopically based Lyα LFs represent the best estimate, and the photometric LFs may be viewed as extreme upper limits.
In Figure 14 we show the differential LFs at z = 6.5 (blue diamonds) and at z = 5.7 (red squares). The error bars are ±1σ based on the Poisson errors corresponding to the number of objects in the bin. For the z = 6.5 case we also show the 1σ upper limit at the highest luminosity with the downward pointing arrow. We show the maximum likelihood fits for α = −1.5 with the blue and red curves. In the figure we compare the present LFs with those measured at lower redshifts. We show the LF at z = 0.3 derived by Cowie et al. (2010) using GALEX spectroscopy with the black dotted curve. We show the Fig. 14. -The Lyα LF at z = 5.7 is shown with red squares and that at z = 6.5 is shown with blue diamonds. The errors are ±1σ based on the number of objects in each luminosity bin. The red and blue solid curves show maximum likelihood fits to a Schechter function with an α = −1.5 slope. The green dashed curve shows the z = 3.1 LF measured by using their maximum likelihood fit for α = −1.5. The black dotted curve shows the local Lyα LF at z = 0.3 derived by Cowie et al. (2010) from GALEX spectroscopy.
LF at z = 3.1 from with the green dashed curve. Other determinations at this redshift by van Breukelen et al. (2005) , Gronwall et al. (2007) , and Cowie & Hu (1998) are extremely similar, and we do not plot them separately.
Clearly the low-redshift evolution of the Lyα LF between z = 0.3 and z = 3 is much more spectacular than that seen at the higher redshifts. Locally there are very few luminous Lyα objects and very little light density in the Lyα emission line. However, at z > 3 the maximum luminosity is relatively invariant, and the number density is falling off slowly with increasing redshift. For a fixed α = −1.5 the light density in the Lyα line at z = 5.7 is about 22% of that at z = 3.1, and the light density in the Lyα line at z = 6.5 is about 11% of that at z = 3.1. When the values are corrected for the effects of the intergalactic scattering, which substantially reduce the observed Lyα luminosities relative to the intrinsic luminosities, the change between z = 3.1 and z = 5.7 will be less, probably no more than a decrease of a factor of 2. We shall make a more detailed comparison to the evolution of the UV continuum light at these redshifts in a subsequent paper (L. Cowie et al. 2010, in preparation) .
We are indebted to the staff of the Subaru and Keck Observatories for their excellent assistance with the observations. We would also like to thank Yoshi Taniguchi and Masami Ouchi for useful conversations. We gratefully acknowledge support from NSF grants AST 0687850 (E. M. TABLE 5 Fig. A1.-Images of the spectroscopically confirmed z = 5.7 Lyα emitter sample. For each object we show a 40 ′′ thumbnail around the emitter with blue=R-band, green=F816 narrowband, and red=z-band. The emitter appears as a green object at the center of the thumbnail. The numerical label corresponds to the number in Table A2 and Figure A2 . Fig. A2. -Spectra of the spectroscopically confirmed z = 5.7 Lyα emitter sample. For each object we show the spectrum (black) compared with the average spectral shape of the entire sample (red dashed). The blue dotted line shows the position of the spectrum peak, which we use to define the redshift. The name of the object and its redshift is given in the upper left, and the exposure time in hours is given in the upper right. Fig. A3. -Images of the spectroscopically confirmed z = 6.5 Lyα emitter sample. For each object we show a 40 ′′ thumbnail around the emitter with blue=I-band, green=F912 narrowband, and red=z-band. The emitter appears as a green object at the center of the thumbnail. The numerical label corresponds to the number in Table A3 and Figure A3 . Fig. A4. -Spectra of the spectroscopically confirmed z = 6.5 Lyα emitter sample. For each object we show the spectrum (black) compared with the average spectral shape of the entire sample (red dashed). The blue dotted line shows the position of the spectrum peak, which we use to define the redshift. The name of the object and its redshift is given in the upper left, and the exposure time is given in hours in the upper right. Fig. A5. -Images of the spectroscopically confirmed z = 6.5 Lyα emitter sample in the GOODS-N. For each object we show a 40 ′′ thumbnail around the emitter with blue=I-band, green=F921 narrowband, and red=z-band. The emitter appears as a green object at the center of the thumbnail. The numerical label corresponds to the number in Table A4 and Figure A6 . Fig. A6. -Spectra of the spectroscopically confirmed z = 6.5 Lyα emitter sample. For each object we show the spectrum (black) compared with the average spectral shape of the entire sample (red dashed). The blue dotted line shows the position of the spectrum peak, which we use to define the redshift. The name of the object and its redshift is given in the upper left, and the exposure time in hours is given in the upper right.
